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Abstract 
In Japan, colored pavement has become popular recently because of having been evaluated for improving intersections to be 
safer. This paper aims to evaluate the effects of the colored pavement for traffic safety at the non-signalized intersection in the 
residential area by statistical analysis method “Quantification Theory II”, based on various residents’ perspectives such as "car", 
"bicycle" and "pedestrian", and to confirm the change in the traffic conditions triggered by the colored pavement. As the result, it 
is found that the colored pavement promotes the change especially in the car drivers’ consciousness, but does not bring about a 
significant change in traffic conditions such as the traffic volume and the vehicle speed. 
Keywords: traffic safety; colored pavement; residential area; consciousness survey; quantification theory II 
1. Introduction 
Regarding community roads related directly with the lives of people, comparing to major roads where the 
function of automobile traffic is usually emphasized, functions of access to the residents’ houses by walking, by 
bicycles and the other travel modes should be dealt with at first. However, according to the previous study (Shimada 
et al.), the traffics, which made use of the community roads passing through only in order to detour the major roads 
with the traffic jams, have been often observed in daily life. The effective counter-measures to solve this problem 
were concluded to be necessary.  
On the other hand, in order to make the community roads in the residential area safer, many studies (e.g. Kubota 
et al.) have been conducted up to now. Recently, the colored pavement of intersections and walking path image has 
been introduced (Yamanaka, Hino, Fukunishi & Nishida, and Yamanaka, Hino, Fukunishi & Kume). Further, Ito et 
al. have closed up the behavior just before the traffic accidents occurred around the intersections. Moreover, as for 
the hump, some studies (Hashimoto, Mimura, Masuoka & Enomoto, and Yoshida et al.) have tested the deduction 
effects of the travel speeds and asked the evaluations of the residents and the drivers. Furthermore, Hashimoto, 
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Mimura, Itaya and Masuoka had discussed the effects of the colored walking paths. Although outside of Japan there 
have been some significant studies (such as Sisiopiku and Akin) from the viewpoint of pedestrians, there are no 
study in Japan to make the evaluating from the viewpoints of the pedestrians and the bicycle users who are living in 
the objective residential areas. Moreover, there are few studies targeted on the non-signalized intersections in Japan.  
In this study, we make an analysis on a non-signalized intersection in Toyota City where pavements have been 
colored. In order to evaluate the effects directly, we have to wait for several years to collect traffic accidents data. 
However, questionnaire and traffic surveys can let us make the evaluation indirectly soon. Therefore, the discussion 
is conducted in terms of a questionnaire which has targeted the residents around the colored intersection. 
Furthermore, the analysis is also made on the basis of the survey of traffic flows and travel speeds. The 
questionnaire gives us a very interesting result. The residents evaluated the effect for the traffic safety positively. 
However, regarding their behaviors, there are big differences by their travel modes. Using the Quantification 
Method II, that is a method of multivariate discrimination analysis expanded to manipulate attribute data as 
predictor variables or analyze the relationship between several qualitative explanatory variables and a qualitative 
criterion variable (please refer to Hayashi for detail), the followings have been understood. The pedestrians seem not 
making positive evaluation although they felt the intersection being dangerous as lots of traffic flows. On the other 
hand, the colored pavement has contributed to awareness of traffic safety for the drivers especially to call their 
attention to the lots of traffic flows. The traffic surveys show that the traffic flows do not change so much. The 
colored pavement has made more automobiles behave to “stop and look around” before entering into the intersection 
although the average travel speeds do not change so much. 
2. Outline of Objective Area and Objective Intersection 
The objective area of this study is a residential area in Toyota City, a so-called local city with the population 
about 420,000 in Japan. As shown in Figure 1 a), many traffic accidents occurred on the roads with the widths 
between 5.5m and 9.0m. Here, we should close up the traffic accidents on the roads being 3.5m or more but less 
than 5.5m wide that are usually considered as the representative roads in a residential area. From 1999 to 2008, the 
number of the traffic accidents on the roads being from 3.5m to 5.5m wide increased from 250 to 670. The number 
has been more than 2.5 times. To see the situation by road sections and intersections as given in Figure 1 b), the 
most traffic accidents happened on the road sections and the medium intersections when we divide the intersections 
by the scale. Although the traffic accidents on the road sections and the medium intersections tended to decrease, the 
number happened on the small size intersections did increase since 2002. This is a result being as same as that by the 
road width. Considering the small size intersections usually imply the intersections in the residential area, this result 
means that the traffic risk has increased year by year. Therefore, the further traffic safety measures should be 
specially closed up to the small intersections. 
 
a) by road width                                                   b) by road section 
Figure 1.  Situation of traffic accidents in Toyota City 
 
The objective intersection of this study locates on the north side of the central area in Toyota City. As shown in 
Figure 2, at this intersection, the north-south entries (B and D) are the priority ones. The west-east entries (A and C) 
are requested to yield (lower priority). Regarding this street, the eliminating of the center line was completed in 
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order to wide the roadside belt in 2002. This change has brought the number of the traffic accidents resulting in 
injury or death from 5.1 to 3.6 per year. However, there are still the problems with too many traffics and too high 
speeds because this street has been used as a detour route of the major roads. Accordingly, the intersection was 
colored on August 2008. 
 
 
3. Residents’ Evaluation for Colored Intersection 
In order to make the evaluation, a questionnaire investigation was conducted in the area around the intersection. 
The items what we asked about include the changes of the residents’ opinions and actions because of the colored 
pavement. Furthermore, the evaluating viewpoints have been expanded to driving a car, riding a bicycle and walking 
as a pedestrian. The outline of the questionnaire is shown in Table 1. The questionnaire sheets had been distributed 
to all 996 households in the objective area by posting one by one. The collection was made by mailing. As a result, 
213 sheets were collected. This number made the effective collection rate as 21.4% that is at the average level in 
Japan while doing the questionnaire survey to collect by mailing. Surely, this collection rate may be increased if 
visiting one by one to collect. However, limited by the number of staff and the budget, we had to choose to collect 
by mailing. 
Table 1.  Outline of the questionnaire investigation 
Implementation Period October 2008 
Coverage Households in the area near the objective intersection 
Method Posting distribution and mail collection 
Collection / Distribution 213 / 966 (collection rate : 21.4%) 
Questionnaire Items 1) Individual attributes (sex, age, address, opportunity to pass through the objective intersection and 
recognition of the measure) 
2) Traffic volume and travel speed around the objective intersection 
3) Change in awareness while passing through the objective intersection (traffic environment and attention 
for the intersection) 
4) Change in behavior while passing through the objective intersection (frequency and travel speed) 
5) Effects of the contribution for the safety in the residential area 
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Figure 2.  Colored intersection 
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Table 2.  Attributes of answering people 
Sex (%) Age (%) 
male female 20s~30s 40s~50s 60s~ 
48.8 51.2 38.9 43.6 17.5 
opportunity to pass through the objective intersection (%) 
everyday every 2 or 3 days every week not often 
35.8 26.4 27.8 9.9 
 
The main attributes of the answered people are summarized in Table 2. The male and female people are almost 
half and half. Regarding the age distribution, the 20’s and 30’s share about 39%, the 40’s and 50’s share about 44% 
and the 60’s and over share about 18%. As for the opportunity to pass through the objective intersection, the people 
who answered “not often” are less than 10%. On the other hand, more than 70% people answered that they knew the 
intersection having been colored. That means, most residents were usually passing through the intersection and 
recognized what having been implemented. 
At first, we asked what they think about the intersection before the colored pavement. The answers are given in 
Figure 3. The numbers of car/bicycle/pedestrian users were not consistent here. This is because the residents had 
been requested to make the answer being car/bicycle/pedestrian users respective with each question but they 
answered some questions and didn’t answer the other some questions. So that the aggregate numbers of the specified 
classifying groups were different from respective with the different questions. Same things may be seen with Figure 
4, Figure 5 and Table 3. Despite what kind of travel mode they make used of, about 70% people answered “very 
dangerous” or “dangerous” in both viewpoints of traffic volumes and travel speeds. Especially, about the travel 
speed, the bicycle users and the pedestrians have shown the bigger percentages of “very dangerous” than the car 
users. Then, we asked what kinds of change there had been with their opinions and actions. The results are shown in 
Figure 4 and Figure 5. 
 
 
Figure 3.  Traffic conditions around the objective intersection 
20.5%
38.1%
35.5%
58.9%
39.8%
30.6%
20.0%
14.4%
26.6% 7.3%
7.6%
0.5%
0% 20% 40% 60% 80% 100%
Car
(n=185)
Bicycle
(n=118)
Pedestrian
(n=124)
17.5%
26.3%
22.5%
54.6%
53.4%
45.0%
27.3%
14.4%
25.8%
0.5%
6.7%
5.9%
0% 20% 40% 60% 80% 100%
Car
(n=183)
Bicycle
(n=118)
Pedestrian
(n=120)
very dangerous dangerous not dangerous unknown
a) traffic volume b) travel speed 
Ryosuke Ando et al. / Procedia Social and Behavioral Sciences 20 (2011) 741–751 745
 
Figure 4.  Change in awareness while passing through the objective intersection 
 
Figure 5.  Change in behaviour while passing through the objective intersection 
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Regarding the opinions on the traffic environment, about 40% of all groups of cars users, bicycle users and 
pedestrians answered the intersection had been better or somewhat better to pass. These percentages are almost as 
same as the number of the people who answered that there had been no any change. Regarding the opinions on the 
attention for the intersection, about 60% or more people answered that they became to (somewhat) pay attention on 
the intersection when passing through. Especially, 80% car users answered it. When we made the X2 test, the 
difference with the car users has been proved at the 1% significance level.  
Regarding the actions, about 80% of people answered that they had not any change of the frequencies to pass the 
intersection through despite what kinds of travel mode. Whereas many people answered about the travel speed that 
they tended to make the travel speed lower than before. Especially, when closing up to the automobile, more than 
70% of people told us they made the travel speed slower. This answer can be shown much more clearly by making 
the X2 statistic test that is significant at 1% level. It means that the colored pavement really contributed to change 
the driving behavior to be safer than before. 
Furthermore, we asked about the effects of the contribution for the safety in the residential area. As shown in 
Figure 6, more than 80% of people thought the colored pavement being very good or good. 
 
31.4% 52.4% 6.7% 9.5%
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very good good not good unknown
 
Figure 6.  Effects of contribution for safety in the residential area 
 
Summarizing the above results, the effects of the colored pavement are quite different depending on the 
consciousness or action, and what kinds of travel mode although the effects changing the consciousness are very 
great. We should say here that the further analysis must be carried out by considering the different viewpoints of the 
automobiles, the bicycles and the pedestrians. Thus, the factor analysis on the residents’ consciousness related with 
the intersection is made in the next chapter. 
4. Analysis of Residents’ Consciousness on Effects to Improve Traffic Safety 
This chapter is to analyze what have been changed with the residents’ consciousness and their behaviors because 
of the colored pavement. The analysis is made by using the data of the questionnaire. We take the residents who 
answered the colored pavement being effective with the improvement of the traffic safety as the objective group. 
Then what kinds of characteristics affected the changes is discussed. The methodology we make used of here is the 
so-called Quantification Method II. The outside standard is the improvement of the traffic safety. The explanatory 
variables are the characteristics of the residents, the current conditions of the intersection, the consciousness and the 
behaviors. 
The hypotheses that we made here are: A. different travel modes (automobiles, bicycles, pedestrians) may bring 
different traffic results, show different awareness and different behavior; B. different personal attributes including 
sex, age, living environment, daily life activity and so on may affect people’s evaluations. 
When we make the analysis, some samples with many “no answer” or “no idea” answers have been eliminated. 
The result of the analysis by using the Quantification Method II is shown in Table 3. As big the ranges and the 
partial correlation coefficient are, as great the influence on the improvement of the traffic safety is. Therefore we try 
to explain which idem is the most effective by comparing the ranges and the partial regression coefficients.  
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Table 3.  Results of parameters using the Quantification Theory II 
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From Table 3, when we see the correlation ratios and the judgment hit percentages, that related with the 
pedestrians show the largest values with both the correlation ratio (0.65) and the judgment hit percentage (81.4%) 
comparing to the automobiles and the bicycles. That is, with the consciousness on the effects of the colored 
pavement, the viewpoint of the pedestrians is the most relative. Among the individual’s characteristics, although 
“not too often” of the opportunity to pass through the intersection has a very big score (2.86) here, we do not discuss 
more about it because the number is only one so that we think we should eliminate this result. Regarding the traffic 
situation of the intersection, the ranges and the partial correlation coefficients of the “traffic volume” with the 
viewpoint of the pedestrians has the large values (1.98 and 0.51 respectively). As the external criterion shows a 
negative value with the “very good”, the positive score responding for the “not good” tells us that the pedestrians 
who thought the intersection being “dangerous because of too many traffic volumes” evaluate the colored pavement 
to be not effective. As for the change of the consciousness, “attention” to the intersection has the relatively large 
range and partial correlation coefficient. Furthermore, paying attention means the positive evaluation for the effect 
of the colored pavement. Especially, the range in the viewpoint of the automobile is quite large, this is just the main 
effect expected for the colored pavement. On the other hand, in the viewpoint of the bicycle, “traffic environment” 
has the relative large range and partial correlation coefficient. The people, who felt the traffic environment of the 
intersection by the bicycle better than before, thought the colored pavement positively and judged it being effective 
for improving the traffic safety. 
5. Effects Examination Based on Changes of Traffic Volumes 
In the previous chapter, the evaluation on the effects of the colored pavement in terms of the residents’ 
consciousness showed us that the “attention” to the intersection in the viewpoint of automobile and the “traffic 
volume” in the viewpoint of pedestrian are strongly related with the contributions for improving the traffic safety. 
The “attention” to the intersection implies driving a car more carefully when passing through the intersection. The 
“traffic volume” implies the pedestrian has felt the reduction of the traffic volumes passing through the intersection. 
Other than the questionnaire, we conducted two kinds of survey meanwhile. One is the travel speed survey by taking 
the traffics entering into the intersection as the objectives. Another one is the traffic count survey to know traffic 
volumes there are at the objective intersection. Although we hadn’t assumed the colored pavement could change the 
traffic volume directly, we implemented a traffic count survey to see whether the traffic volumes and the travel 
speed change or not because of the colored pavement. This is because the colored pavement may call more drivers 
to stop and look around, so that the travel speed may be decreased. Accordingly, the traffic volumes may change 
with the travel speeds. Furthermore, in order to know whether the answers and the evaluations of the residents are 
supported by the fact, we make the examination by using the data collected from these two kinds of survey. By the 
way, the surveys have been made as shown in Figure 7. In addition, with the objective intersection, there is no more 
change except the colored pavement. 
 
 
Figure 7.  Image of speed survey 
To make the traffic count survey, we eqipped the traffic counter (equipment counting the traffics automatically) 
at two points to collect the traffic flows entering the intersection. The two points located at the entries B and D in 
Figure 2 respectively. The used traffic counter is STC-2100 produced by 3M. The survey had been conducted for 
one week before the colored pavement and for one week after the colorved pavement. Because there was nothing 
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special during our surveys, we can think the traffic volumes had not been affected by the other factors but only the 
colored pavement. The results are summarized in Figure 8.  
 
 
 
Figure 8.  Traffic volumes before and after the colored pavement 
At the entry B, the traffic flows are about 2,700~3,000 vehicles/day during weekdays (Monday through Friday) 
and 1,800~2,400 vehicles/day during weekends (Saturday and Sunday). At the entry D, the traffic flows are about 
2,500~2,900 vehicles/day during weekdays and 1,800~2,500 vehicles/day. We cannot observe the big difference 
before and after. Furthermore, the Thursday before the colored pavement, and the Monday and the Saturday after the 
colorved pavement were rainy days. However, there seemed no influence on the traffics clearly. Moreover, there 
was not definate change with the traffic flows by the vehicle type and by hour, too. 
To make the travel speed survey, the speed radar STALKER-LIDAR was used. As depicted in Figure 7, the 
speed surveys were implemented to know the speeds of all vehicles between the 40 meters (upstream: 30 m, 
downstream: 10 m) zone around the stop line. The speeds are recored every one meter, and twice before and after 
the colored pavement. To reduce the influence from the obstacles such as the parking cars, bicycles and pedestrains, 
these kinds of vehicles have been eliminated from the objective vehicles. The outline of the survey is summarized in 
Table 4. Although someone may comment on the sample size to be too small comparing to the traffic flows, we 
think these were what we could do as the following reasons.  
 
1. Because the colored pavement is the countermeasure based on the visual impression, the evaluation should be 
carried out depending on the time periods during one day. In this study, we closed up the day time to make the 
travel speeds survey. 
2. When cars came in a queue, the travel speeds of the following cars except the first car are usually decided by 
the first car. Thus we took the first car only to be the objective in the speed survey. 
3. Normally, the travel speeds are affected by many factors. To eliminate the other factors, only when there had 
been nothing to affect the driving of cars except the existing of the colored intersection, the speed surveys 
were conducted. 
 
Table 4.  Outline of speed surveys 
 
Car Direction Date Time Samples 
From A Before 
After 
August 4, 2008 (Mon) 
September 8, 2008 (Mon) 
10:00 ~ 12:00 
7:00 ~ 9:30 
18 
31 
From B Before 
After 
August 4, 2008 (Mon) 
September 8, 2008 (Mon) 
10:00 ~ 11:30 
10:00 ~ 11:30 
17 
26 
From C Before 
After 
August 4, 2008 (Mon) 
September 8, 2008 (Mon) 
7:00 ~ 8:30 
7:00 ~ 8:30 
25 
30 
From D Before 
After 
August 4, 2008 (Mon) 
September 8, 2008 (Mon) 
14:00 ~ 15:30 
11:30 ~ 12:30 
28 
27 
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To make the analysis by using the travel speed survey results, we defined the four ten-meter durations by 
dividing the 40 meters objective zone. Then, the average speeds that were recorded every one meter, standard 
variations, the maximam and the minimum speeds, and the number and percentages of the low speed vehicles and so 
on are summarized and given in Table 5 for each duration. From Table 5, we can know there are not big changes 
with the average speeds, the standard variations and the differences of the maximum and minimum speeds. 
Furthermore, there are even a few increases with the travel speeds at the higher priority directions (the entries B and 
D). These changes can be explained because the colored pavement has made the main directions, that means the 
directions with higher priority, become clearly so that the drivers travelled smoothly. Moreover, regarding the 
changes of the travel speeds, although the percentage being over 5 km/h at the entry A increased from 16.7% to 
35.5%, the percentage doing 0km/h (stop and look around) increased from 16.7% to 35.5%, too. And at the entry C, 
not only the percentage being over 5 km/h decreased from 40.0% to 13.3%, but also the percentage being the lower 
speeds between 4 and 5 km/h increased by doubling the previous percentage, i.e. from 20.0% to 43.3%. In another 
word, the different entries seemed showing the different results, but totally the colored pavement has made the 
traffics at the lower speeds increased than the previous situation. Surely, a further study to collect more samples and 
to make the analysis more detail is needed. However, at least, we can say that the increase of the percentage 
travelling at the lower speeds in the entries with the lower priority, such as A and C directions of the objective 
intersection, will contribute to the decrease of the traffic accidents bumped into each other as they met at the 
intersection. 
 
Table 5.  Results of speed surveys 
 
6. Summary and Conclusions 
In this study, we made a discussion on the effects of one representative traffic safety countermeasure for the 
resident areas in Japan, the colored pavement. The analysis was especially closed up to the non-signalized 
intersection and carried out by using both the questionnaire and the traffic surveys including the traffic volumes and 
the travel speeds. The main conclusions can be summarized as the followings. 
 
1. According to the questionnaire, the colored pavement has made the residents’ consciousness be much safer 
although the behavior performed differently respective with the different travel modes. 
2. The analysis on the basis of the Quantification Method II by using the data of the questionnaire showed us that 
the pedestrians who felt too many traffic flows having caused the dangerous situation have made the lower 
evaluation of the colored pavement for the traffic safety. Furthermore, the effect calling the attention to the 
automobiles has contributed to the improvement of the consciousness for the traffic safety. 
3. The comparison of the traffic volumes and the travel speeds obtained by the traffic surveys has shown that the 
traffics at the lower speeds increased and become safer than before although there are no obvious changes 
with the traffic volumes. 
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After our questionnaire survey, we checked the real traffic accidents at the intersection, too. The average number 
of the traffic accidents in the previous three years before the countermeasure was implemented in 2008 was 1.7. On 
the other hand, the average numbers of the two years after the completion of the countermeasure was 1.5. This told 
us that the colored pavement have really reduced the traffic accidents. However, because of the absolute number is a 
small number, we may say that the data collection of the actual traffic accidents after the colored pavement should 
be continued and compared to the previous situation in order to see the real contribution to the traffic safety. 
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